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Parkinson’s disease (PD) is manifested along with non-motor symptoms such as impair-
ments in basic emotion regulation, recognition and expression. Yet, self-conscious emotion
(SCEs) such as self-disgust, guilt and shame are under-investigated. Our previous research
indicated that Parkinson patients have elevated levels of self-reported and induced self-dis-
gust. However, the cause of that elevation–whether lower level biophysiological factors, or
higher level cognitive factors, is unknown.
Methods
To explore the former, we analysed Skin Conductance Response (SCR, measuring sympa-
thetic activity) amplitude and high frequency Heart Rate Variability (HRV, measuring para-
sympathetic activity) across two emotion induction paradigms, one involving narrations of
personal experiences of self-disgust, shame and guilt, and one targeting self-disgust selec-
tively via images of the self. Both paradigms had a neutral condition.
Results
Photo paradigm elicited significant changes in physiological responses in patients relative to
controls—higher percentages of HRV in the high frequency range but lower SCR ampli-
tudes, with patients to present lower responses compared to controls. In the narration para-
digm, only guilt condition elicited significant SCR differences between groups.
Conclusions
Consequently, lower level biophysiological factors are unlikely to cause elevated self-dis-
gust levels in Parkinson’s disease, which by implication suggests that higher level cognitive
factors may be responsible.
PLOS ONE
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Introduction
Parkinson’s disease is a progressive neurodegenerative disorder of unknown aetiology, with a
prevalence of .1-.2% in the general population, rising to 1% among people above 60 year of age
[1]. The disorder affects all domains, motor, cognitive and emotional [2]. Parkinson’s disease
is typically characterised by the motor symptoms of resting tremor, “cog-wheel” rigidity and
bradykinesia [3–6]. Affective and cognitive symptoms, such as depression, anxiety and demen-
tia have received far less attention and are often underestimated as peripheral although they
are associated with high societal and healthcare costs [7].
Amongst the cognitive symptoms, deficits in recognition and expression of basic emotions
(e.g., fear, disgust, sadness, happiness etc.) have been relatively well researched and docu-
mented [5, 6, 8–11]. For instance, there is high comorbidity between Parkinson’s disease and
alexithymia [12–15], and studies have reported reduced facial and verbal expressivity [16–21],
difficulties in emotional regulation [22–24] and emotion recognition [25] in patients with Par-
kinson’s disease. However, we know very little about how more cognitively complex emotions,
namely self-conscious emotions (SCEs), are affected in these patients.
SCEs are different from basic emotions in that they require self-evaluation/appraisal in rela-
tion to other’s feedback [26–29]. These emotions (e.g., shame, guilt, self-disgust) are thought
to play a key role in social regulation and adjustment by suppressing and promoting socially
undesirable and desirable behaviours, respectively [30–34]. Research has suggested that this
category of emotions, unlike basic emotions, involve sophisticated cognitive processes such as
self-awareness [35–37] and the ability to recognize one’s own and also others’ mental states
[38]. In this study, we assess the emotions of shame [26, 39] and guilt [40], which are relatively
well studied, and self-disgust which has recently attracted scientific attention [41]
Shame refers to a negative evaluation of the whole self as “inadequate”, in other words, the
person embodies the feeling of a “flawed self” [26, 39]. Subsequent behaviour involves hiding
and isolating the self [26, 39]. During shame, empathy towards the self is supplanted by a feel-
ing of self- distress, leaving the self exposed [40]. Abnormally heightened levels of shame have
been associated with poorer anger and aggression management skills [42], depression [43],
substance abuse [44], personality disorders [45], post-traumatic stress disorder [46], anxiety
disorders [47], eating disorders [48] and suicidal/self-injury idealization [49].
On the other hand, guilt refers to a part of the self visible and vulnerable to judgment from
the society [50]. In effect, one’s behaviour is considered to be inappropriate. The ultimate goal
of guilt is to make the self a better, more productive and valued member of society, so it is pow-
erfully associated with the feeling of empathy towards others. Higher trait levels of guilt have
been associated with altered body language and affective social interactions [51]. When
blended with other self-blaming emotions [52], excessive traits of guilt can facilitate affective
disorders. Depression was once characterized as the “constant feeling of inappropriate guilt”
[53]. On the other hand, the absence of remorse has been shown to independently predict
aggressive conduct and antisocial disorders [54, 55].
Finally, a third negative SCE, self-disgust, refers to feelings of repulsiveness and loathing
directed at the self [39, 56, 57]. From early on, self-disgust was proposed to act as a mediator in
several psychiatric disorders [27]. Elevated levels of this emotion appear to mediate the rela-
tionship between dysfunctional cognition and depression [58], and are associated with social
anxiety [59], psychoticism [60], eating disorders [61], obsessive compulsive disorder [62], and
decreased levels of psychological wellbeing [63].
In relation to Parkinson’s disease, research suggests that self-awareness, a key cognitive pro-
cess in SCEs, is altered [64–68]. Specifically, reduced self-awareness of memory (dys)function
was positively correlated with disease severity, degree of memory decline and cognitive control
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deficits [69]. These results are in line with reports of anosognosia in Parkinson patients, who
are unable to recognize and precisely express their physical symptoms [65]. Vann-Ward and
colleagues [68] suggest that the concept of self is potentially maladaptive in Parkinson’s dis-
ease. Specifically, newly diagnosed patients are unable to adjust and preserve self-strategies
such as the ability to develop relationships, envision the future, cope with everyday emotional
discrepancies, perform self-evaluation tasks and have goals and aspirations.
Thus, it is not surprising that the limited research so far has reported altered SCEs in Par-
kinson’s disease. For instance, it has been suggested that Parkinson’s disease can be character-
ized as a “problem of shame”, and that increased shame may be associated with altered
dopamine activity in key brain areas (e.g., prefrontal cortex and anterior cingulate cortex)
underlying cognitive and affective processing [70]. Furthermore, guilt, as part of the psychotic
symptomatology in Parkinson’s disease [71, 72], often appears as a subtype of hallucinations/
delusions of the type “I am a sinister, I am guilty”. Other studies report feelings of guilt due to
the disease’s progression and due to the extended disability of the patient [73, 74]. Self-disgust
on the other hand, until very recently, was completely overlooked in Parkinson’s disease. In a
recent study by Tsatali and colleagues [75], patients with Parkinson’s disease were found to
have increased levels of self-reported and experimentally induced self-disgust, as compared to
matched healthy controls, and when controlling for the confound effects of depression and
anxiety. In contrast, self-reported and experimentally induced levels of shame and guilt were
similar to those of the control participants. In the present study, we analysed physiological
responses recorded during the experimental induction of SCEs, from the same group of
patients and matched controls, to further investigate why self-disgust is elevated in Parkinson’s
disease (see Tables 2 & 3 in [75] for differences between patients and controls in self-reported
and experiementally induced levels of SCEs).
Schachter and Singer [76] were the first to introduce the two-factor theory of emotion, sug-
gesting that the experience of basic emotions can be decoded as the interaction of physiological
arousal and cognitive appraisal. Later on, Ekman and colleagues proposed that emotions could
be related to distinct autonomic responses of the sympathetic and parasympathetic nervous
system [77, 78]. Nowadays, this hypothesis is widely accepted [79–82]. Specifically, heart rate
variability (HRV), or in other words, time and speed fluctuations between heart beats, refers to
a metrics system of neurocardiac homeostasis [83], and HRV in the higher frequency band is
considered to be an index of parasympathetic activity [84, 85]. In terms of basic emotions, ele-
vated HRV seems to be elicited by happiness, anxiety, anger, contamination disgust, and
intense sadness [86], while HRV decreases with disgust and mild sadness [87, 88]. Whilst high
frequency band HRV is considered to be an index of parasympathetic activity, galvanic skin
response (alterations in the electrical properties of the skin) depends almost solely on sympa-
thetic activation [89]. The majority of studies report elevated levels of skin conductance
response -SCR- to basic emotions, regardless of valence (e.g., fear, anger, disgust, happiness)
[90]. In addition, enhanced skin conductance is also linked with successful emotional engage-
ment, feelings of rejection, emotional distress and anticipation [91].
The majority of studies investigating physiological responses to emotional experiences have
focused on basic emotions, and thus our knowledge on physiology of SCEs is scarce. As
expected, the experience of SCEs also activates the autonomic nervous system, but research
suggests a more general physiological arousal, which lacks emotion type-specificity [37, 92,
93]. Van ‘t Wout et al. [94] used the Ultimatum Game paradigm (unfair offers condition) to
induce guilt in healthy participants while skin conductance was measured. The study reported
significantly higher skin conductance response to rejections of unfair offers than to acceptance
of fair offers. The authors concluded that participants experienced more emotional arousal
when confronted with an unfair offer, but increased SCR could have resulted from the attempt
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to down-regulate guilt. Fourie et al. [95] found decreased HRV and increased SCR, during nar-
ration-induction of guilt relative to a neutral condition, in healthy participants. Accordingly,
Pennebaker and Chew [96] reported that behavioural inhibition (mostly facial expression and
voice tonality) to achieve deception, during a guilt induction paradigm, was associated with
phasic increases in skin conductance. To our knowledge, there are only two studies investigat-
ing the physiology of shame. Kassam and Mendes [97] found higher HRV during a shame
induction paradigm involving a mathematical task, compared to a neutral condition. Likewise,
Harley et al., [98] reported a positive correlation between skin conductance level and shame,
after completing a diagnostic reasoning task. Only one study has measured HRV in a self-dis-
gust inducing mirror paradigm in participants with Body Dysmorphic Disorder and controls
[99]. Although there were no differences between the groups in HRV and self-reported self-
disgust, HRV was increased in 2 (out of 5) of the mirror inducing trials in the control partici-
pants. Thus, although the evidence so far is very limited, induction of guilt and shame seems to
be associated with an increase in skin conductance, whilst HRVmay increase (shame, self-dis-
gust) or decrease (guilt).
In this study we tested the hypothesis that increased levels of experimentally induced self-
disgust (narrations and self-photo) in Parkinson’s disease patients, relative to matched healthy
controls [75], may result from altered physiological responses in patients. To do so, we ana-
lysed HRV (high frequency band) and SCR (amplitude) data that were obtained from the same
group of patients and their matched controls, during the emotion-induction paradigms. We
analysed both measures, and in addition created a composite score of the overall physiological
response [100, 101]. If increased levels of self-disgust in Parkinson patients result from a
heightened physiological response to this specific emotion, then we should find heightened
physiological scores for the self-disgust induction conditions in the patients as compared to
the matched controls. Furthermore, since the patients and control participants did not signifi-
cantly differ in shame and guilt levels, there should not be significant differences in physiologi-
cal responses between the groups for the shame and guilt induction conditions.
Materials andmethods
Participants
Physiological data were analysed from the 40 patients with Parkinson’s disease (17 males and
23 females, with average age 71.73, SD = 9.93) and 40 controls (18 males and 22 females, with
average age 71.87, SD = 9.02; matched for age and educational level) included in Tsatali et al.
(75; see Table 1 for demographic and clinical characteristics of the patients and the control
participants). The inclusion criteria for the control participants were: (i) a score in the Mini-
Mental State Examination [102] (MMSE) equivalent to or higher than 24, (ii) absence of psy-
chiatric disease or sustained head trauma, as self-reported by the participants, (iii) absence of
alcohol, or drug or any other substance addictive behaviour, as self-reported by the partici-
pants, (iv) no history of hypothyroidism, which can affect skin conductance [103]. In the pro-
cedure, all the participants were instructed to breathe freely.
The inclusion criteria for the patients were: i) a Parkinson’s disease diagnosis according to
the UK Parkinson’s Disease Society Brain Bank Clinical Diagnostic Criteria [104], ii) mild or
moderate stage of disease progression, based on the UPDRS, iii) a MMSE examination with an
outcome equal to or more than 24, iv) absence of any underlying mental or psychiatric disor-
der, or sustained head trauma; and v) absence of alcohol, or drug or any other substance addic-
tive behaviour. Prior to the experimental procedure, patients with Parkinson’s disease were
clinically evaluated by a neurologist. Almost all patients were under medication (combinations
of levodopa, inhibitors of dopamine catabolism and dopamine receptor agonists) at the time
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of the study. Since the Parkinson patients had significantly higher anxiety and depressive
symptoms than control participants (see Table 1 in 75), we included the total score of theHos-
pital Anxiety and Depression Scale as a co-variate in the analyses. ANCOVA analyses were
reported only when there was a change in the results.
From the initial sample of eighty participants, SC and HRV were reliably extracted from 49
(24 PD, 25 HC) and 58 (24 PD, 34 HC) in the narration and photo paradigms, respectively.
The remaining participants were excluded because the signal was not of sufficient quality due
to noise that could not be eliminated [119].
The study was approved by the University of Sheffield Ethics Committee, and all partici-
pants provided their written consent.
Measures and procedure
Narration emotion induction paradigm. Participants were asked to narrate orally past
personal experiences in which they had felt guilty (Guilt narration), ashamed (Shame narra-
tion) and self-disgusted (Self-disgust narration). In the control condition (neutral narration),
participants were asked to narrate what they did the day before, describing only the facts (see
75 for the detailed instructions). No time limit was set.
As the narrations were completed, participants were asked to report how they felt by using
a Visual Analogue Scale (VAS) from 0 (Not at all) to 100 (Extremely) for the target emotion
(self- disgust, guilt and shame) and other non-target emotions (anger, happiness and sadness),
as well as their arousal levels.
Photo induction paradigm. As described in Tsatali et al., [75], two consecutive images
were presented to participants, one of themselves (sitting in a chair in a neutral pose) and a
neutral one acquired from the IAPS (International Affective Picture System, 2005). The partic-
ipants were told to look carefully at the images. Each image was presented for 3 s, and followed
by a blank screen for 20 s. Then, the participant was asked to report how they felt using a VAS,
as described above. The order of the images (neutral and self) was counterbalanced across
participants.
Physiological data analysis methods
Before the beginning of the emotion induction paradigms, participants sat in a chair and the
electrocardiogram (ECG) and electrodermal activity (EDA) sensors were applied. A Nexus
wireless portable physiology recording device (Mind Media Nl, 2008 V2) was used to record
the physiological data. The Nexus device was connected to a computer via Bluetooth, and
heart physiology and skin conductance data were recorded by BioTrace+ running onWin-
dows (XP/Vista). The recordings were acquired without interruption during the experiment,
and the data display was screened from the participants. The sampling rate was adjusted to 256
Hz.
The ECG was measured using two disposable pre-gelled Ag-AgCl electrodes that were
placed on the participant’s wrists, as well as on the inner elbow. Electrodermal activity was
recorded with two Ag-AgCl electrodes, placed on the middle and ring fingers of the non-dom-
inant hand, which were sanitized with alcohol [105, 106].
Studies support that short recording times are reliable to obtain HRVmeasures. In the fre-
quency domain, for high frequency measures (HF), 40–50 s seem to be sufficient to obtain
accurate results [107, 108]. Given that the narrations varied in length, the paradigm of Ho
et al. [109] was adopted; that is, we analysed the first 60 s from the onset of the narration,
which is also within the recommended interval for SCR analysis of a minimum of 4 s and a
maximum of 5 min [110–113]. In the photo induction paradigm, we analysed the full
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recording interval from the onset of the photo, which was 23 s in line with similar previous
studies [114–116].
Heart rate values were extracted with Artiifact software [117], following two steps: 1) Man-
ual detection of R-R peaks to identify missing or false detected R-R peaks. 2) Automatic arti-
facts correction using cubic interpolation method, which follows a nonlinear approach and
provides better results than deletion or linear correction [118]. The interpolation method acts
also as a low pass filter, and thus no further low/high pass filters were used [119–121]. The
main measure was the percentage of the variance in heart rate that occurred in the high fre-
quency range (0.15 to 0.40 Hz).
The EDA raw data were analyzed with Ledalab v.3.2.9 [110, 111, 122] using the Continuous
Decomposition Analysis method to distinguish the phasic (driver) information from the under-
lying tonic sudomotor nerve activity. This method was followed to enable a distinction from a
“zero” baseline, so any disruptions in the signal are represented as distinct fluctuations. These
features offer the advantage of unbiased experimental manipulation and they are useful espe-
cially in cases with high phasic activity, whether induced by an experimental setup or relevant
in a clinical context [110]. Raw EDA data were smoothed via convolution with a Hann window
to reduce error noise and fitted to a bi-exponential Bateman function. Data were optimized by a
conjugated gradient descent algorithm to reduce the error between them and the inbuilt skin
conductance model [123]. The main measure was the mean amplitude of fluctuations (peaks)
above baseline. We employed a typical threshold for peak detection of 0.05μS [124–126].
Based on Sturm [127] and Olney et al. [128] we calculated a composite unique score of
overall physiological response for each participant [100, 101]. That is, we extracted the stan-
dardized scores (z- value) for the sympathetic (SCR) and parasympathetic (HRV) indexes,
mean amplitude and HF, respectively. Then the absolute values were calculated, so greater val-
ues will represent higher physiological responses.
Results
Composite physiological activation score
Narration induction. Composite values for self-disgust, guilt and shame were submitted
to three separate 2 x 2 ANOVAs with Condition (neutral vs SCE) as the within-subjects factor
and Group (HC and PD) as the between-subject factor. None of the effects reached statistical
significance (see Fig 1). Self-disgust: F(1, 35) = 1.08, p = .30, ηp2 = .03, F(1, 35) = .39, p = .53,
ηp2 = .01, and F(1, 35) = 2.90, p = .09, ηp2 = .07, for the main effects of Condition, Group and
their interaction, respectively; Guilt: F(1, 40) = .64, p = .42, ηp2 = .01, F(1, 40) = .02, p = .87,
ηp2 = .00, and F(1, 40) = .16, p = .69, ηp2 = .00, for the main effects of condition and group
and their interaction, respectively; Shame: F(1, 29) = .15, p = .70, ηp2 = .00, F(1, 29) = .12, p =
.72, ηp2 = .00, and F(1, 29) = .15, p = .69, ηp2 = .00, for the main effects of Condition and
Group and their interaction, respectively.
Self-photo induction. The composite values were submitted to a 2 x 2 ANOVA with Con-
dition (neutral vs self-photo) as the within-subjects factor and Group (HC and PD) as the
between-subject factor. The main effects of Condition and Group were significant, F(1, 34) =
6.21, p = .01, ηp2 = .15, and F(1, 34) = 6.8, p = .01, ηp2 = .16, respectively (see Fig 1). That is,
there was a significantly higher overall physiological response for the self-photo condition
(0.79) than the neutral photo condition (0.53), and for PD patients (0.81) than for HC partici-
pants (0.52). However, the interaction between Condition and Group was not significant, F(1,
34) = .22, p = .63, ηp2 = .00. The main effect of Condition for was no longer significant when
adjusting for the influence of anxiety and depressive symptoms, F(1, 33) = 3.04, p = .090,
ηp2 = .035.
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SCR-mean amplitude analyses
Narration induction. Mean amplitude data for self-disgust, guilt and shame were submit-
ted to three 2 x 2 ANOVAs with Condition (neutral vs SCE) as the within-subject factor and
Group (HC and PD) as the between-subject factor (see Fig 2). The main effect of Condition
was significant for the three analyses, for self-disgust F(1,37) = 4.84, p = .034, ηp2 = .116, for
guilt F(1,43) = 16.22, p< 0.001, ηp2 = .274, and for shame F(1,31) = 12.79, p = .001, ηp2 = .292.
That is, the mean amplitude was significantly lower for the self-disgust condition (.22 μS) and
the shame condition (.12 μS) than their respective neutral conditions (.35 and .34 μS, respec-
tively, see Fig 2); whereas the mean amplitude was higher for the guilt condition (.64 μS) than
for the neutral condition (.38 μS). The main effect of Condition for self-disgust was no longer
significant when adjusting for the influence of anxiety and depressive symptoms, F(1, 36) =
1.79, p = 0.189, ηp2 = .023.
The main effect of Group was also significant for guilt F(1,43) = 4.32, p = .04, ηp2 = .09, but
not for self-disgust, F(1,37) = .70, p = .40, ηp2 = .01, or shame, F(1,31) = 1.96, p = .17, ηp2 =
.06. That is, the mean amplitude was higher for PD patients (.58 μS) than for HC participants
(.44 μS). Finally, the interaction between Condition and Group was not significant for any of
the analyses, F(1,37) = 1.85, p = .18, ηp2 = .04, F(1,43) = .07, p = .78, ηp2 = .00, F(1,31) = .00, p
= .96, ηp2< .00, for self-disgust, guilt and shame, respectively.
Photo-induction paradigm. Mean amplitude data were submitted to a 2 x 2 ANOVA
with Condition (neutral vs self-photo) as the within-subjects factor and Group (HC and PD)
as the between-subject factor. Results showed significant main effects of Condition, F(1,56) =
15.76, p< 0.01, ηp2 = .22, and Group, F(1,56) = 17.95, p< 0.01, ηp2 = .24. That is, the mean
amplitude was higher for the HC group (.76 μS) than the PD group (.24 μS), and for the self-
photo condition (.73 μS) than the neutral condition (.27 μS). The interaction Condition by
Fig 1. Composite physiology scores (szcores) as a function condition (emotion and neutral) and group
(HC = Healthy Control, PD = Parkinson’s Disease patients). Panels A-C: Physiological response for self-disgust,
guilt and shame narration paradigms, respectively. Panel D: Physiological responses for the photo paradigm (self-
disgust induction). Error bars represent standard error, and asterisk significant differences (p< .05).
https://doi.org/10.1371/journal.pone.0256144.g001
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Group was also significant, F(1,56) = 24.13, p< 0.01, ηp2 = .30. The analysis of the interaction
showed that the two groups significantly differed in the self-photo condition (MeanHC =
1.27 μS, MeanPD = .19 μS, t = -4.73 (56), p< .001), but not in the neutral condition (MeanHC
= .25 μS, MeanPD = .30 μS, t = -.79 (56), p = .43). In the self-photo condition, the group of HC
had larger amplitude than the PD group (see Fig 2). The main effect of Condition was no lon-
ger significant when adjusting for the influence of anxiety and depressive symptoms, F(1, 55)
< .01, p = 0.995, ηp2< .001.
HRV-HF band analyses
Narration induction. Mean percentage of HF band activity for self-disgust, guilt and
shame were submitted to three separate 2 x 2 ANOVAs with Condition (neutral vs SCE) as the
within-subjects factor and Group (HC and PD) as the between-subject factor. None of the
effects reached statistical significance (see Fig 3). Self-disgust: F(1, 43) = 1.78, p = .18, ηp2 =
.04, F(1, 43) = .03, p = .85, ηp2 = .00, and F(1, 43) = .03, p = .85, ηp2< .001, for the main effects
of Condition, Group and their interaction respectively. Guilt: F(1, 42) = 2.49, p = .12, ηp2 =
.05, F(1, 42) = .42, p = .51, ηp2 = .01, and F(1, 42) = .30, p = .58, ηp2 = .00, for the main effects
of Condition and Group and their interaction, respectively. Shame: F(1, 43) = .43, p = .51, ηp2
= .01, F(1, 43)<1, p = .99, ηp2< .001, and F(1, 43) = 1.26, p = .26, ηp2 = .02, for the main
effects of Condition and Group and their interaction, respectively.
Photo-induction paradigm. Mean percentages οf HF band activity were submitted to a 2
x 2 ANOVA (see Fig 3). The main effects of Condition, F(1, 37) = 4.75, p = .03, ηp2 = .11, and
Group, F (1, 37) = 4.28, p = .04, ηp2 = .10, were significant. That is, the percentage of HF band
activity was significantly higher for PD patients (50.10%) than for HC participants (38.60%),
and for the neutral photo condition (50.20%) than for the self-photo condition (38.47%). How-
ever, the interaction Condition by Group was not significant, F(1, 34) = .57, p = .45, ηp2 = .01.
Fig 2. Peak amplitude (μS) of the skin conductance response as a function of condition (emotion and neutral) and
group (HC = Healthy Controls and PD = Parkinson’s Disease patients). Panels A-C: Physiological responses for
self-disgust, guilt and shame narration paradigms, respectively. Panel D: Physiological responses for the photo
paradigm (self-disgust induction). Error bars represent standard error and asterisk significant differences (p< .05).
https://doi.org/10.1371/journal.pone.0256144.g002
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The main effect of Group was no longer significant when adjusting for the influence of anxiety
and depressive symptoms, F(1, 37) = 1.72, p = 0.198, ηp2 = .026.
Discussion
To determine the extent to which bottom up, biophysiological, processes may have contrib-
uted to the increased self-disgust levels in patients with Parkinson’s disease reported in Tsatali
et al. [75], we examined heart rate (HRV) and skin conductance (EDA) responses [79–82] in
two emotion induction paradigms; narration and photo induction. The former, based on
Dickerson et al. [129], required participants to narrate past experiences of self-disgust, guilt
and shame, whilst the latter was designed to elicit disgust towards self- image Overton et al.
[58] by presenting self-photos [130]. Tsatali et al. [75] reported increased levels of self-reported
and experimentally induced self-disgust in patients with Parkinson’s disease relative to control
participants, but no differences in guilt and shame. The differences in self-disgust were signifi-
cant after adjusting for the effects of depression.
Overall, the results suggest that altered bottom up biophysiological activation, in response
to emotion-induction, is unlikely to have contributed to increased self-disgust in patients with
Parkinson’s disease. Specifically, we found that the images in the photo induction paradigm
resulted in significant changes in physiological responses in patients with Parkinson’s disease
relative to healthy controls. The images produced higher composite responses, higher percent-
ages of HRV in the high frequency range but lower SCR amplitudes. The differences in SCR
for the photo induction were also significantly modulated by condition (self vs neutral image).
That is, patients with Parkinson’s disease mainly differed from healthy controls in the self con-
dition, where responses in the patient group were significantly lower. Hence, contrary to our
prediction, the analysis of the interaction showed that patients had a significantly smaller sym-
pathetic response (SCR amplitude) to the self-disgust induction than the healthy controls (see
Fig 3. Percentage of high frequency band heart rate variability (HF) as a function of condition (emotion and
neutral) and group (HC = Healthy Controls and PD = Parkinson’s Disease patients). Panels A-C: Physiological
responses for self-disgust, guilt and shame narration paradigms, respectively. Panel D: Physiological responses for the
photo paradigm (self-disgust induction). Error bars represent standard error and asterisk significant differences (p<
.05).
https://doi.org/10.1371/journal.pone.0256144.g003
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Fig 2). This suggests that the physiological response to self-disgust, as elicited by the self-
photo, was actually diminished in the group of patients. The remaining differences in physio-
logical response as a function of emotion induction condition were not modulated by group.
Indeed, several of the differences in physiological response as a function of emotion induction
condition were lost when adjusting for the influence of anxiety and depressive symptoms.
Thus, findings do not support the hypothesis that increased self-disgust in Parkinson’s
patients, relative to healthy controls, may have resulted from heightened physiological
response to this emotion.
With regard to the other two emotions investigated, shame and guilt, there were significant
changes in physiological responses in patients with Parkinson’s disease relative to the healthy
controls, only for SCR in the guilt condition. Guilt yielded significantly higher SCR amplitudes
in patients than healthy controls, whereas shame showed no differences. In line with our pre-
dictions, and the lack of significant differences between the groups in self-report measures
guilt, this difference was not modulated by condition (guilt vs neutral narration). Previous
research indeed indicates that elevated levels of guilt are positively correlated with augmented
SCR variables [94–96]. However, our findings contrast with Harley et al. [98] who also
reported elevated levels of SCR during shame. This difference might be attributed to the differ-
ence in the experimental induction paradigms, as Harley et al. [98] used questionnaires and
not instructed narrations. Overall, our findings suggest that SCR may be differentially affected
by guilt and shame/self-disgust. This dissociation may reflect the distinction between SCEs
that are likely to trigger adaptive behaviours (e.g. apologising) to undo the harm that has been
done, as with the case of guilt, or maladaptive ones, as with shame and self-disgust which are
more pathogenic emotions without a clear adaptive function [39, 131, 132].
In the majority of the analyses in which the factor group did not significantly interact with
the emotion-induction condition, there were nevertheless significant differences between the
overall physiological response of patients with Parkinson’s disease and healthy controls. As
secondary findings our results suggest that, in the main Parkinson patients had higher overall
autonomic activity than matched healthy controls. The findings were consistent across the
analyses; Parkinson patients had higher composite scores, higher percentages of HRV in the
high frequency range in the photo-induction paradigm and SCR amplitudes in the guilt narra-
tion paradigm than control participants. These findings do not seem to be in agreement with
previous studies that show decreased HRV in Parkinson’s disease due to dysautonomia, levo-
dopa medication and progression of motor symptoms [133–136]. Some studies have also
reported diminished SCR amplitude in Parkinson patients [3, 137], but others have not found
differences between Parkinson patients and healthy controls in skin conductance measures
[138]. Our group of patients was in early-moderate stages of Parkinson, so some of the discrep-
ancies with previous studies may be related to progression of the disease, medication or other
clinical characteristics such as depressive and anxiety symptoms.
Limitations of the study have been largely covered by Tsatali et al. [75], relating to the use of
self-report measures to determine the levels of SCEs in the patients and the study’s cross sec-
tional design. In terms of limitations that are specifically relevant to the current study however,
the high level of exclusions from the participant pool due to poorer quality recordings is the
principal concern. Although the cause of those cases where recording quality was poorer is
unknown, electrodermal responses tend to be smaller overall in the elderly [139], and sweat
gland activity differs in the elderly [140], which may lead to high epidermal resistance. Pre-
sumably, the latter can also affect heart rate recordings as well. Importantly for the present
study, drop outs occurred in similar proportions from both the patient and control groups.
To conclude, the present study suggests that altered physiological response in patients with
Parkinson’s disease is unlikely to contribute to the increased, experimentally induced, self-
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reported levels of self-disgust. Considering to the two-factor theory of emotion [76], the
absence of altered physiological responses by inference suggests that the source of elevated
self-disgust levels in Parkinson’s disease may instead lie at the cognitive level. Parkinson’s dis-
ease is characterised by frontal lobe degeneration [141, 142], specifically in the οrbitofrontal
cortex, which plays a key role in cognitive control and emotional regulation [22–24]. Also,
given dopamine’s presence in frontal areas such as the prefrontal cortex and the anterior cin-
gulate insula [143], its absence in Parkinson’s disease is likely to affect frontal processing.
Hence, not surprisingly, frontal lobe deficits have been collectively reported in Parkinson’s dis-
ease [123]. We hypothesise that because SCEs have a cognitive component [35–37], frontal
lobe deficits in Parkinson’s disease may give rise to the increased levels of self-disgust in
patients with the disorder. This contention is supported by previous research in neurological
population (with fronto-temporal dementia and Alzheimer’s disease), which suggested that
executive function may contribute to emotion regulation in the context of SCEs [144, 145].
The selective impact of Parkinson’s disease on some SCEs rather than others may relate to the
specific circuitry underlying these emotions and/or the precise nature of the cognitive deficits
induced by the disorder.
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Movement Disorders. 2008; 23(6):824–9. https://doi.org/10.1002/mds.21940 PMID: 18307245
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Grima E, et al. High-Bandpass Filters in Electrocardiography: Source of Error in the Interpretation of
the ST Segment. ISRN Cardiol [Internet]. 2012 Jun 21 [cited 2020Mar 16]; 2012. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3388307/ https://doi.org/10.5402/2012/706217 PMID:
22778996
120. Parola F. Use of High-Pass and Low-Pass Electrocardiographic Filters in an International Cardiologi-
cal Community and Possible Clinical Effects. Advanced Journal of Vascular Medicine [Internet]. 2017
[cited 2020 Mar 16]; Available from: https://www.academia.edu/35337760/Use_of_High-Pass_and_
Low-Pass_Electrocardiographic_Filters_in_an_International_Cardiological_Community_and_
Possible_Clinical_Effects
121. Morelli D, Rossi A, Cairo M, Clifton DA. Analysis of the Impact of Interpolation Methods of Missing RR-
intervals Caused by Motion Artifacts on HRV Features Estimations. Sensors. 2019 Jul 18; 19
(14):3163. https://doi.org/10.3390/s19143163 PMID: 31323850
122. Bach DR. A head-to-head comparison of SCRalyze and Ledalab, two model-basedmethods for skin
conductance analysis. Biological Psychology. 2014 Dec 1; 103:63–8. https://doi.org/10.1016/j.
biopsycho.2014.08.006 PMID: 25148785
123. Farrow TFD, Johnson NK, Hunter MD, Barker AT, Wilkinson ID, Woodruff PW. Neural correlates of
the behavioral-autonomic interaction response to potentially threatening stimuli. Front HumNeurosci
[Internet]. 2013 [cited 2020 Mar 19]; 6. Available from: https://www.frontiersin.org/articles/10.3389/
fnhum.2012.00349/full PMID: 23335893
124. Tranel D. Electrodermal activity in cognitive neuroscience: Neuroanatomical and neuropsychological
correlates. In: Cognitive neuroscience of emotion. New York, NY, US: Oxford University Press; 2000.
p. 192–224. (Series in affective science).
125. Tranel D, Damasio H. Neuroanatomical correlates of electrodermal skin conductance responses.
Psychophysiology. 1994 Sep; 31(5):427–38. https://doi.org/10.1111/j.1469-8986.1994.tb01046.x
PMID: 7972597
126. Zahn TP, Grafman J, Tranel D. Frontal lobe lesions and electrodermal activity: effects of significance.
Neuropsychologia. 1999 Oct; 37(11):1227–41. https://doi.org/10.1016/s0028-3932(99)00020-2
PMID: 10530723
127. Sturm VE, Ascher EA, Miller BL, Levenson RW. Diminished self-conscious emotional responding in
frontotemporal lobar degeneration patients. Emotion. 2008; 8(6):861–9. https://doi.org/10.1037/
a0013765 PMID: 19102597
PLOS ONE Physiological response to induced self-disgust in Parkinson’s disease
PLOSONE | https://doi.org/10.1371/journal.pone.0256144 September 2, 2021 17 / 18
128. Olney NT, Goodkind MS, Lomen-Hoerth C, Whalen PK, Williamson CA, Holley DE, et al. Behaviour,
physiology and experience of pathological laughing and crying in amyotrophic lateral sclerosis. Brain.
2011 Dec; 134(12):3455–66. https://doi.org/10.1093/brain/awr297 PMID: 22155983
129. Dickerson SS, KemenyME, Aziz N, Kim KH, Fahey JL. Immunological effects of induced shame and
guilt. PsychosomMed. 2004 Feb; 66(1):124–31. https://doi.org/10.1097/01.psy.0000097338.75454.
29 PMID: 14747646
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